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COMPRESSED WOOD PRODUCT AND MANUFACTURE 
Technical Field 

This invention relates to manufecturing a compressed wood product. More particularly it 
relates to a process for manufacturing a compressed wood product where the compression of 
wood fibres is pennanently fixed. 

Background Art 

It is known in the art that both softwood and hardwood can be compressed into densified and 
hardened products. There are many ways of achieving this including the use of heat, steam, 
pressure and chemicals including adhesives. The objective of a process of wood deformation 
is to achieve both densification of the wood and permanent fixation of the densification in the 
product in a manner which is efficient and has minimal effect on the aivironment 

A discussion of possible ways in which to achieve permanent fixation of compression 
deformation of soft wood is found in Inoue (see reference). The authors of that paper 
suggested that three methods to permanently fix the compression deformation of wood. The 
first was to make wood inaccessible to water using acetyl groups. The second was to form 
cross-linking between wood components using para-fonnaldehyde. The third was to release 
elastic energy stored by deformation by dipping compressed wood in acidic add and 
hydrochloric acid. 

In US 3,981,338 there is described a method of compressmg debarked and dried logs in a 
mould where they were immersed with a Hquid adhesive. The logs were compressed in the 
mould to a thickness smaller than that finally required. They were then allowed to expand 
while still immersed in the adhesive and compressed to the final desired thickness and 
subjected to an elevated temperature to allow the adhesive to harden. 

hi US 4,606,388 there is described a method of compressing low density woods. A wood 
member in a green state is subjected to ammonia to plastidse it to a sponge-like form. It is 
then subjected to a series of compression cycles and dried. 

In published Japanese appUcation Nos. JP 10-217210; JP 11-114915; and JP 11-320510 there 
are described methods of forming pressed wood using high pressure compressing devices. 



In US 5,343,913 there is described a method of compressing wood involving softening the 
wood at high temperature and high water vapour temperature and then compression moulding 
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the wood to reduce it to one half to one third of its original thickness. The compression is 
fixed by maintaining wood in a compressed stated for a predetermined period of time. 

It is an object of this invention to provide a method of manufacturing densified wood with 
pemianent fixation which is an altomative to the above described methods or at least to ofiFer 
the public a usefiil choice. 



Disclosure of ibivendon 

10 Accordingly the invention may be said broadly to consist in a method of forming a 
compressed wood product comprising the steps of: 

subjecting a piece or pieces of soflwood, with a moisture content of approximately 30-40% 
(w/w) to a first heated compression step in which the density of the softwood is increased to a 
15 first predetermined level and the moisture content is reduced to between approximately 3-8% 
(w/w), 

releasing said wood fi*om said first compression step, coating and impregnating said 
compressed wood with a fatty acid, 

20 

subjecting said impregnated compressed wood to a second heated compression step in which 
the density of said compressed wood is increased to a second predetermined level and the 
moisture content is fijrther reduced and in which said fatty acid is further impregnated into 
said compressed wood, and 

25 

releasing said wood firom said second compression step and allowing said impregnated 
compressed wood to anneal while cooling to ambient temperature. 

In another embodim^t, the invention may be said broadly to consist in a method of forming a 
30 compressed wood product comprising the steps of: 

subjecting a piece or pieces of diffuse porous hardwood, with a moisture content of 
approximately 40-50% (w/w) to a first heated compression step in which the density of the 
hardwood is increased to a first predetermined level and the moisture content is reduced to 
35 approximately 4-8% (w/w), 

releasing said wood fi-om said first compression step and coating and impregnating said 
compressed wood with a fatty acid. 
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Optionally, when said wood is hardwood, subjecting said impregnated compressed wood to a 
second heated compression step in which the density of said compressed wood is increased to 
a second predetemiined level and the moisture content is reduced to suit end product 
requirements, at as low as 2-4% (w/w) and in which said fetty add is further impregnated into 
5 said compressed wood, and 

releasing said wood from said second compression step and allowing said impregnated 
compressed wood to anneal while cooling to ambient temperature. 

10 Preferably when said wood product is softwood, said softwood is subjected to a preliminary 
drying step prior to said first compression step. 

Preferably when said wood product is hardwood, said hardwood is subjected to a preliminaiy 
drying step prior to said first compression step. 

15 

Preferably said preliminary drying step is a pressure drying step. 

Preferably said first compression step is maintained for a time period of up to five minutes. 

20 Preferably said first compression step is conducted at a pressure of from 50 to 114 kg/cm^ 
according to wood species. 

Preferably the temperature of said first compression step is withiu the range of 140°C to 
185°C. 

25 

In one alternative when said wood is softwood it maybe subjected to steam heat or any other 
heat at a temperature up to lOO^'C prior to said first compression step. 

Preferably said compressed wood is impregnated by passing it through a heated bath only, or 
30 in combination in vacuum pressure chamber. 

Preferably said bath or pressure tank is heated to a temperature of from about 60°C to 120*^0. 
Preferably said fatty acid is in a non-aqueous carrier. 

35 

Preferably said non-aqueous carrier is parafBiL 



In one alternative said fatty add is stearic add. 



wo 2004/056542 PCT/NZ2003/000284 



In anofh^ embodiment said fatty add is palmitic acid. 

la another alternative the fatty acid is a mixture of palmitic and stearic add. 

5 Preferably said second compression step is conducted at a temperature between dO^'C and 
140^C. 

Preferably said second compression step is conducted for from 3 to 6 minutes. 

10 Preferably said annealing is assisted by subjecting said compressed wood from said second 
heated compression step to radiation. 

Preferably said radiation is infrared radiation. 
15 In one alternative said radiation is microwave radiation. 

In a second alternative said radiation is gamma radiation. 

Preferably the process includes the preliminary step of cutting a log into pieces. 

In one embodiment said pieces are flitches. 

Preferably said flitches are sliced. 
► In another embodiment said flitches are subjected to infrared radiation prior to being sliced. 

In another embodiment a log is cut into side slab wood with predetermined thicknesses which 
establish flitch size parameters. 

Preferably when a said log is diffuse porous hardwood said flitches or slabs cut therefrom are 
^nisd for up to four weeks prior to further treatment. 

In one alternative, said wood is subjected to a preliminaiy step of inmiersion in hot water or 
superheated steam. . . _ . 

%ef-rably said wood is subjected to a preliminary drying step to reduce its moisture content 
prior to steam heating and before said first compression step. 

In one embodiment said drying stqp is reduced pressure drying. 



20 
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In one embodiment said compressed wood product after annealing is subjected to a further 
drying step. 

5 In a furtha: alternative said furtha: drying step is followed by a supplementary packet 
assembling compression step. 

Preferably said assembling compression step is done at ambient tempwature. 

10 In another alternative said compressed wood fiom the said assembling compression step is 
subjected to further processing. 

Preferably said further processing includes laminating compressed pieces of the modified 
wood together, or with other wood fibre panels. 



15 



20 



This invention may also be said broadly to consist in the parts, elements and features referred 
to or indicated in the specification of the application, individually or coUectively, and any or 
all combinations of any two or more of said parts, elements or features, and where specific 
integers are mentioned hsx&n which have known equivalents in the art to which this invention 
relates, such known equivalents are deemed to be incorporated herein as if individually set 
forth. 



Biief Description of fhe Drawings 

25 The invention may be more fully understood by having reference to the accompanying 
drawings in which: 

Figure 1 is a flow diagram sdhiematically outlining the processing steps of a preferred 
embodiment. 

30 

Figure 2 is a cross-sectional end view of a debarked log sawn to produce pieces of wood to be 
compressed according to the process of this invention. 



MODES OF CARRYING OUT THE INVENTION 

35 

LOG PROCESSING - WOOD PREPARATION 

In this spedfication the expression "moisture content" means the wei^t of water expressed 
a percentage of the dry weight of wood containing the water. 



wo 2004/056542 



6 



PCT/NZ2003/000284 



Referring to Figure 1, step 1 is the transport of cut logs to the log yard. Step 2 is the selection 
of the logs. Where the wood chosen is vinus radiata or other sofhvxiadjnecies._cleactiKOQd 
butdogs of up to approximately 5 to 6 metres in length are chosen. In another alternative, logs 
5 which have long intemodel spacing between the branches are chosen. Using log optimisation 
computer programs it is possible to select cut lengths between knots. 

It is also possible to select younger trees where it is intended that the knots are processed in 
accordance with one aspect of the invention. 

0 

Stq) 3 is the debarking of soft wood logs which is carried out in a conventional way well 
known in the art 



Step 4 is cutting the logs to length. The method of cutting is conventional to saw mills. The 
15 lengths chosen are determined by the scanning and optimisation software. 



Use of a scanning and optimisation software is shown at Step 5 of Figure 1 . Selected logs are 
scanned and optimised by both log end scanning and a three dimensional all round log 
measuring device to assist in the log being sawn to specified flitch cutting patterns. This 
technology also provides for cutting useful wood portions out of low grade logs or defective 
portions of a log. The log input data can also be related to the product output volumes. The 
process is under continuous monitoring so as to optimise production using commerciaUy 
available soft:ware packages to do this. 



A first log sawing step 6 can be carried out by the preferred method of computerised log 
scanning and optimisation to estabHsh the flitch cutting patterns based on the relationship of 
the softwood core wood diameter and the slabwood widths to maximise on the wood recovery 
of each log according to product requirements. 

Figure 2 illustrates how flitches are sawn at stations 6, 7, 8A or 8B to provide for optimised 
"wid«- section" slabwood as compared to standard flitch cutting. Wider section flitches may 
be cut according to varied cutting patterns to produce specific quarter sawn flitch widths, and 
also thicknesses of slabwood to suit production schedules. 



A log 32 as iUustirated in Figure 2 is subjected to saw cuts illustrated by the solid straight 
lines. The main pieces of slabwood to be quarter sawn are produced on the left and ri^t sides 
and are numbered 40 and 41. At the centre of the log is the corewood 36. There are other 
flitches 38 (only one of which has a reference numeral) immediately surrounding corewood 
36. 
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Slabwood may be cut into smaUer pieces such as are iUustrated by the smaU comer segments 
34 and 35. Also iUnstrated are smaU sclents ofslabwood such as 40a, 41a and 41b. Small 
comer pieces sucn as segments 34 and 35 will be cut to a minimum saw width of 50mm. The 
remainder is slabwood waste which is either chipped or used as fuel. The flitches 42, 44 and 
46 in Figure 2 are aU quarter sawn sKced wood as referred to in Figure 1 which are advanced 
for slicing at position 10. 

This mefliod of log breakdown provides fer the cutting of pinus radiata softwood logs by 
targeting the clearwood at the base of the log, adiieved by log pruning regime, so as to utilise 
by this process 2 to 6 metre log lengflis to achieve maximum wood utilisation and quality. 
The process also provides for the modification and upgrading of the core wood so as to 
integrate this material as suitable substrate for the modified high value outer wood panel 
claddings, and also to laminate the modified corewood into structural products. Alternatively, 
other fibreboard options or other suitable material (metal or synthetic) may be used as' 
substrates. 

Two alternative optional steps which assist in the preparation of wood for subsequent 
processing may be carried out as illustrated in stages 9A or 9B. In stage 9 A hardwood flitches 
20 or slabs may be soaked in hot water, "ponding", or steam to soften the wood. Alternatively 
the flitch surface in stage 9B may be heated by using infrared radiation. 

This wood heating step fiirlher breaks down the residual wood fibre to assist in maximum 
penetration of flie fetly acid compounds in both the heated bath and/or the vacuum pressure 
25 chemical impregnation step 21 . 

These steps help achieve fixation of the wood fibre cell stracture and also provide increased 
dimensional stability. The modified wood is suitable for subsequent appKcations of adhesives 
and also UV pigmented clear surface coatings designed to block UV radiation. The process 
30 designed to lessen the breakdown of the wood surface: The compressed wood has increased 
strength somewhat in proportion to the compression, and greats than that when the modified 
wood is laminated into layers. 



35 



In one alternative a log is sawn in flitches, which are then either-multi,blade sawn or sliced at 
sawing/slidng stations 10 or 19. In another alternative selected width slabwood piece from 
the sawn log is re-sawn at the sawing station 1 1 . 

An alternative hardwood sawing method comprises tiie reduction of a log to short lengths, eg 
2-3 metre log lengths using a log "centre drive" horizontal log band saw. Such a saw has' an 
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automatic adjustment of the height of log table to provide for continuous thin cutting sequence 
and automatic log turning to cut to a specific thickness range. The subsequent cuts from this 
step are to width by a multi-saw at station 12. 

The various cuts are then stacked at station 13A and conveyed to the next stage. 



10 



15 



25 



30 
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WOOD DRYING 

The slices of wood are then optionally dried. In a preferred embodiment the drying is 
conducted in vacuum driers 14A or 14B where the drying may be assisted by use of 
superheated steam in conjunction wifli a vacuum. 

The preferred method of pre-drying the softwood is to dry of both the wood flitches and edged 
slabwood in a vacuum dryer with fans, and with the wood placed in layers between wood or 
plastic fillets. This done at station 14A. 



The preferred method for pre-drying diffuse porous hardwood is in a vacuum/pressure dryer 
with heated plates between each wood layer, and with constant top pressure to accommodate 
20 the wood shrinkage during drying. This is done at station 14B. 

The sawn wood strips and the re-sawn lumber may be dried to the preferred moisture content 
range of approximately 40-50% (W/W) for diffuse porous hardwood, and 30-40% (W/W) for 
softwood. 



In station 14A, which has a vacuum drier with fens, layers of wood are separated by wooden 
or plastic fillets to encourage the movement of the si^er heated steam through the layers of 
timber. This movement provides advantages in the drying of softwood (such aspinus radiata) 
and especially for large flitch sizes. This method may be preferred where the multiple sKce/ 
sawing option 15 takes place after this drying process. The moisture contmt of pinus radiata 
which is normally in excess of 140-150% (W/W) is reduced in this pre-dry step to 
approximately 35-40% (W/W) in readiness for the next sawing and compression stages. 

A vacuum press/dryer suitable for carrying out a pre-drying step in station 14B is a square 
section vacuum drying oven which is operated at a temperature up to normally 80-90«C, and 
with vacuum of approximately 150-200 Mbar absolute pressure in the dryer. As a result of 
the vacuum, moisture is removed from the wood from the centre outwards (opposite to 
conventional drying). The water evaporates and becomes super heated steam, which, because 
the drying is in an oxygen free atmosphere, ensures the wood remains a Ught colour. 



wo 2004/056542 PCT/NZ2003/000284 



Dimng this pre-drying step it is preferable to apply a constant top pressure to the wood layers. 
lEuadditi®n$ heated^lat@s^aF@^Fevidedrbetween-eaeli4ayer-to keep the^oo^^lat-and^straight 
A preferred pressure of up to 10,000 kg per sq. mtr. of wood surface to help compensate for 
5 wood shrinkage. This pressure also assists in avoiding cellular collapse during this first stage 
drying on hardwoods prior to the first compression step 17. 

The steam created during this step between the heated plates and the heated lumber keeps the 
wood surface wet during the drying process. The computer control settings are adjusted 
10 according to the wood species to obtain accurate moisture settings. When diffuse porous 
hardwood is pre-dried the moisture content is reduced preferably to 40-50% (WAV) in 
readiness for the next compression stage. 

Both tiie vacuum/pressure drying at station 14B and the vacuum drying with fans at station 
15 14A cause ev^oration of turpentine in the wood resins. A small portion of chemical extracts, 
such as beta pinene, may be separated at the outfall of the dryer. The resins come to the 
surface of the wood as a fiiable sugary substance, which is easily removed. This drying 
method gives an even ligjit sur&ce colour to the product and also provides good adhesion for 
subsequent lamination. It also allows for even coverage of surface coatings on the products of 
20 this invention. 



ALTERNATIVE SAWING STEP 

25 At station 15 softwood flitches may be cut into slices (such as sUces 42, 44 and 46 in Figure 
2) after the drying stage 14A. This is an alternative to the operation at step 10 described 
above. 

Where the flitches are from logs with knots (such as pinus radiatd) they are also cross-cut and 
30 end jointed to predetermined lengths. These are then combined with flitches of the desired 
length for later stages of the processing. 

-^*J*^g? .1^ pieces cut to length at stage 15 are lifted in layers by an overhead gantry and 
advanced to the first compression stage 17. The gantry is preferably equipped with a vacuum 
35 clamping mechanism known in the art 



FIRST COMPRESSIVE DEFORMATION 
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After the initial partial drying of the wood, at stations 14A or 14B depending on the wood 
species, the wood is subjected to compression at station 17. For diffuse porous hardwood 
Imnber with a pre-compression moisture content of 35-45% (WAV) the compression will be in 
ihe range of 25 to 40% of the starting wood thidmess. 

5 

For conqffession of partially dried softwoods with a pre-compression moisture content of 40% 
(W/W), less compression will be used, so as not to close the wood cells completely, and for 
sudi wood a compression factor of approximately 20-30% will be used. 

10 The pressure and heat required for such compression is based on the following: 

Thin wood strips or blocks are conveyed at up to 40 mpm, between two heated platens of 
250mm thickness used for botii str«igth and accurate heat dispersal. Either hot oil or steam 
may be used as a heating medium. The temperature is maintained at a preferred range of up to 
15 180" for softwoods, and up to 200°C for the hardwoods. A special steel conveyor may be 
used at the higher pressure. 

In another embodiment for the compression of softwood with knots in the wood strips a 
replaceable compression mat would be used. The mat is suitable for both heat transference, 
20 and with sufficient elasticity of the surface for the variable positioned knots (normally harder 
than the surrounding wood),to be compressed into. 

The compressive forces suitable fiir hardwood compression will be up to approximately 
95kg/cm^ and" for softwoods a pressure vtp to eokg/aa^. The plates are hydraulically actuated. 

A compression ^paratus machine suitable for use at station 17 is equipped with a shake 
fimction for ease of wood removal after the compression process, and to provide for automatic 
out feeding from the heated plates. The machine is provided with a multistage compression 
device to avoid blow outs of the wood during the compression process. The machine includes 
spacing bars to be set for the variable wood thicknesses as required. The madiine is also 
controlled by computerised depth settings which can be programmed according to wood 
species and moisture content 

The compressive process bh hardwoods can take place either -from "green sawn" (wood 
processed directly after log sawing) or after the pre-drying process at stations 14A or 14B. Tn 
both cases sufficient pressure and heat are used to bring the moisture content down to 
approximately 4-6% (WAV) prior to the next stages of the process. 
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Once the wood strips are removed from the compressive defonnation chamber, owing to the 
heat and pressure, the wood is in a maUeable - softened state. If knotty wood is compressed it 
is subj^ed to a. surfadn g/calibrating proce ss prior to the next sfflgp. 

Bound water in the convoluted ceUular structure of difiBcult to dry timbers, such as the 
New Zealand nothofagus beech species and fast growing eucalypt hardwoods is removed by 
this step. Both types of wood are prone to ceUular coUapse during conventional drying 
processes. 

In another embodiment thare is provided a pre-compression stage (13B), using a set of 
stainless steel heated conveyor pressure rollers which apply constant pressure up to 40kg/cm2 
or as specified according to the wood species. This preliminary step releases the wood tension 
from the convoluted cell structures prior to the hardwood vacuum/pressure drying, 14B. This 
«iergy release is appHcable to timbers wdiich have a tendency towards ceUular coUapse during 
normal wood drying processes. Also, after the flitch - softwood drying, for additional removal 
of wood resins, this roUer pressure option is available. The heated roUers may be up to 
50Qmm in diameter and comprise 2 or 4 sets of counter rotating rollers with either knurled or 
grooved surface to facilitate removal of the moisture during this initial compression step. 

At stage 18 the lengths of wood from first compression stage 17 are, in one embodiment, end 
jointed to one another. The preferred method is finger jointing. The joints are glued, clamped 
and cured. The joined lengths are then planed. 

At stage 19 the extended length flitches from stage 18 are sUced or sawn lengthwise to the 
desired thickness. This may be done usiag a multi-bladed saw for convenience. This option 
is most advantageously done with softwoods. For high density hardwoods the multi-sawing is 
prefCTably done at stage 10. 

Hardwood fiom first compression stage 17 is preferably fed directly from stage 17 to the 
impregnation stage 21. Softwood is preferably subjected to stages 18 to 20 before being 
advanced to impregnation stage 21 . 

CBEMICAL/DIFFVSION/IMPREGNATION 

The compressed wood fiom stage 17 is loaded either manually or automaticaUy into a heated 
bath of fatty acids, preferably in a parafBn carrier in stage 21. The bath or tank is preferably 
heated to a temperature of from 60°C to 120»C. Preferred fetty adds are stearic or palmitic 
adds, but other fetty adds may be used. The fatty adds provide increased wood hardness and 
water repellency. Optionally a staining agent may be added to produce wood colour variation. 
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such as teak, mahogany etc in the product. Wood preservatives and other chemical additives 
may be included in the bath 21 . Preferably the bath chamber is subject to a vacuimi pressure. 

5 SECOND COMPRESSrVE/DENSmCATION STEP 

Impregnated compressed wood strips are removed from stage 21, and are conveyed via link 22 
on multi-rollers into heated compression plates at second compression stage 23. The plates 
have a high pressure liquid injection system for additional supply of chemicals. Downstream 
10 of the pressure plates are high density spiral rubber (90 Shore hardness) pressure rollers. 
These rollers serve to squeeze excess chemicals from Ihe wood. A chemical recovery bath is 
provided below the rollers to allow for continuous processing. 

The wood is subjected to pressure within a range of approximately 20-30kg/cm^ at a 
15 temperature ranging betweea 60-120°. This is the second compressive process, during which 
bofli densification pressure plates and chemical spreader rollers are employed to achieve 
mechanical pressurised chemical impregnation to consoUdate the chemicals into the wood as a 
continuation of the impregnation step 2 1 . This step is continued for up to about 6 minutes. 

20 The product is conveyed via link 24 from the second compression stage 23 to anuealing stage 
25. 

The second compression step is used for softwood and up to medium density hardwoods. It is 
optional for hardwood. 

25 

MOULDING 

In an alternative embodiment the second compression step formers can be used to mould 
compressed wood strips into desired shapes in top and bottom heated moulds (male and 
jQ female jigs). The moulds are preferably either electrically or hot water heated but may be 
heated with other heating media for the forming process. 

The process can take place either before or after the annealing, and curing step 25. Adhesive 
may optionally be applied to the wood surfaces to enable bonding to take place in the formed 
: J product as a result of the compression process. 

Within the same step, and prior to the compression, the edges of the wood strips may be 
straightened and taped together in readiness of the forming/compression step. 
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Following the chemica]/&tfy add impregnation of the pre-modified wood strips, additional 
sur&ce chemical aE»plications are targeted to provide water resistance. The moulded products 
may^be-in the-shape^f-platesrbdwls-orothCT-siniilar^cles;- hi other-applications-the moulds- 
are shaped as ftuniture pieces. 



ANNEALING 

In stage 25 the compressed wood is dried in a continuous feed forced air or infrared drying 
oven. Wood strips are placed on trays which are fed by a conveyor vertically through an oven. 
During this stage the compressed wood is annealed into a pemianently compressed product 
The strips are stacked once discharged and held for sufficient time for the final curing. 

FINAL COMPRESSION 

The annealed products are passed througji link 26 to stage 27 where a cold pack press is used 
to ensure the wood is held in an ordered stack in preparation for subsequent processing. The 
layers of the contpressed modified wood are interleaved with release layers, sudi as wax 
paper, between each lay«r of tiie wood, thereby preventing any surplus chemical residue &om 
spreading between layers. Layer iq>on layer of the compressed/modified wood are stacked for 
transport by using bottom and top boards to cover Ihe total stack lengfli and width (which 
could be 6 metres length x 1.2 metres width), and with a pack thickness of as much as 1.2 
metres. The top and bottom wood panels are clamped together by mechanical locldng claihps, 
with compression bars across the wood surface so that when the press is opened, the pack is 
rolled out of the press in readiness for a furthCT load. The packs are preferably kept under 
these clamps for a period of up to approximately 12 hours. 

They are conveyed by link conveyor 28 to the inspection and quality control stage 29. 
QUALIXy CONTROL 

In quality control stage 29 manual inspection of the modified wood strips takes place, and 
defects are either patdied, or the work pieces are cut to lengths not containing the defects. 

FURTHER PROCESSING 



wo 2004/056542 



14 



PCT/NZ2003/000284 



The product is then conveyed via conveyor 30 from the quaUty control section to the furthea- 
processing section 3 1 . Here it is sanded on both sides and caHbrated to unifonn thickness. It 
is then end and edge straightened and trimmed and then fomaedintoJaminated products such 
as panels and structural products. At link 32 the products are moved into the UV Coating 
process, plus packaging of the finished products, stage 33. 

Wood whidi has been compressed by the process according to this invention is able to retain 
its compressed configuration so as to take permanent advantage of its new wood strength, 
hardn^, anti abrasiveness and dhnensional stability. 

REFERENCE: 



Ihoue et.al, ''Permanent Fixation of Compression Deformation of Wood. (B) Mechanisms of 
Permanent Fixation", Presented at Conference: Chemical Modification of Lignocenuloses, 
7-8 November 1992, Rotorua, New Zealand. 
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CLAIMS: 

1. A method offomiing-a compressed wood product comprisingihe-stepsof 

subjecting a piece or pieces of softwood, witti a moisture content of approximately 30-40% 
(w/w) to a first heating compression step in which flie density of the softwood is increased to a 
first predetermined level and the moisture content is reduced to between approximately 3-8% 
(w/w), 

releasing said wood firom said first compression step, coating and impregnating said 
compressed wood with a fatty add, 

subjecting said impregnated compressed wood to a second heating compression step in which 
the density of said compressed wood is increased to a second predetermined level and the 
moisture cont^t is ftirther reduced and in which said fatty acid is further impregnated into 
said compressed wood, and 

releasing said wood firom said second compression step and allowing said hnpregnated 
compressed wood to anneal while cooling to ambient temp^ture. 

2, A mdhod of forming a compressed wood product comprising the steps of: 

subjecting a piece or pieces of diffiise porous hardwood, with a moisture content of 
approximately 40-50% (w/w) to a first heatmg compression step in which the density of the 
hardwood is increased to a first predetermined level and the moisture content is reduced to 
approximately 4-8% (w/w), 

releasmg wood firom said first compression step and coating and impregnating said 
compressing wood with a fatty add, 

optionally, when said wood is hardwood, subjecting said impregnating compressed wood to a 
second heated compression step in which flie density of said compressed wood is increased to 
a seopnd predetenmned level and the moisture content is reduced to suit end product 
requirements, at as low as 2-4% (w/w) and in which said fatty add is fiirther impregnated into 
said compressed wood, and 

-releasing said wood &om said second compression step and allowing said impregnated 
compressed wood to anneal while cooling to ambient temperature. 
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3. The method as claimed in claim 1, wherein said softwood is subjected to a preliminary 
dxying step prior to said first compression step. 

4. The method as claimed in claim 2, wherein said hardwood is subjected to a 
preliminary drying step prior to said first compression step. 

5. The method as claimed in either claim 3 or 4 wherein said preliminary drying step is a 
pressure drying step. 

6. A method as claimed in any one of the preceding claims, wherein said first 
compression step is maintained for a time period of up to three minutes. 

7. A method as claimed in any one of the preceding claims, wherein said first 
compression step is conducted at a pressure of firom 50 to 114 kg/cm^ according to wood 
species. 

8. A method as claimed in any one of the preceding claims, wherein the temperature of 
said first compression step is within the range of 140*'C to 185^*0. 

9. A method as claimed in claim 1 or 3 wherein said softwood is subjected to heat at a 
temperature up to 200*^0 prior to said first compression step. 

10. A method as claimed in claim 9 wherein said heat is steam heat. 

11. A method as claimed in any one of the preceding claims, wherein said compressed 
wood is impregnated by passing it through a heated bath only, or in combination in vacuimi 
pressure chamber. 

12. A method as claimed in claim 11, wherein said bath or pressure tank is heated to a 
temperature of from about 60°C to 120°C. 

13. A method as claimed in any one of the preceding claims, wherein said fatty acid is in a 
non-aqueous carrier. 

14. A method as claimed in claim 1 3, wherein said non-aqueous carrier is parafiSn. 

15. — Ametitiod.m claimed jn. my one of the preceding claims, wh^eiajiaid fatty acid is 
stearic add. 
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16. A method as claimed in any one of claims 1 to 14, wherein said fetty acid is palmitic 
add. 

17. A method as claimed in any one of claims 1 to 14, wherein the fatty add is a mixture 
5 of palmitic stearic add. 

18. A method as claimed in any one of the preceding daims, wherdn said second 
compression step is conducted at a temperature between 60°C and 140°C. 

10 19. A method as claimed in any one of the preceding daims, wherein said second 
compression step is conducted for fiom 3 to 6 minutes. 

20. A method as claimed in any one of the preceding claims, wherdn said annealing is 
assisted by subjecting said compressed wood fix>m said second heated compression step to 

15 radiation. 

21 . A method as claimed in claim 20, wherdn said radiation is infrared radiation. 

22. A method as claimed m claim 20, wherdn said radiation is microwave radiation. 

20 

23. A method as daimed in claim 20, wherdn said radiation is gamma radiation. 

24. A method as claimed in any one of the preceding daims, whidi includes the 
preliminary step of cutting a log into pieces. 

25 

25. A method as dauned in claim 24, wherdn said pieces are flitches. 

26. A method as dauned m dahn 25, wherdn said flitches are sUced. 

30 27. A method as daimed in daun 25 or 26, wherdn said flitches are subjected to infrared 
radiation prior to being sliced. 



28. A method as daimed in any one of claims 1 to 12, including a preliminary step 
which a log is cut into side slab wood with predetemiined thidmess whidf establish flitch 



35 parameters. 



m 
size 



^."^^^"^ ^ ^^^ed "i^ay one of daims 24 to 27, wherein said log is diffuse porous 

hardwood said pieces into which it is cut are stored for up to four wedcs prior to fiirfher 



treatment 
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30. A method as claimed in claim 28, wherein said log is diffuse porous hardwood and 
said slabs cut therefrom are stored for up to four weeks prior to further treatment. 

31. A method as claimed in any one of the preceding claims wherein said wood is 
subjected to a preliminary step of immersion in hot water or superheated steam. 

32. A method as claimed in any one of claims 1 to 30, wherein said wood is subjected to a 
preliminary drying step to reduce its moisture content prior to steam heating and before said 
first compression step. 

33. A method as claimed in claim 32, wherein said drying step is reduced pressure drying. 

34. A method as claimed in any one of the preceding claims, wherein said compressed 
wood product after annealing is subjected to a firrther drying step. 

35. A method as claimed in claim 34, wherein said further drying step is followed by a 
supplementary packet assembling compression step. 

36. A method as claimed in claim 35, wherein said assembliug compression step is done at 
ambient traiperature. 

37. A method as claimed in claim 35 or 36, wherein said compressed wood firom the said 
assembling compression step is subjected to fiirther processing. 

38. A method as claimed in claim 37, wherein said further processing including laminating 
compressed pieces of the modified wood together, or with other wood fibre panels. 



wo 2004/056542 



PCT/NZ2003/000284 



Ji 

O CO 
CO X 





1 o> 








T3 .E tS 

c <i ^ 






LU 



1/2 



c 

Q TO o 

iil 



<D 

^8 



CO 

— > 



E 


ading 




3 



If 



CO 



c 

O -n eg 

OS CO q= 
o 



§5 




Xee$£ to 







Flitch- 
Roller 


sur 


res 


Q. 



c 

CO 

JQ 
CO 



CM 



O) 

CO .§ 

CD 

3 CO 



° 1"° 

c CO c -a 
g CO 03 5 
t% fe « P 



o o> 




O C30 



c o 



CO 



o>o3 ^ 
.E "O "o 

5 C3 O 



_ !<§ 

CO a> -o 



o o 



CM 



.8 



CO 



.E o 



S c 

CO 

P £ S £ 




CM 

CO 



CO 



CO 



c^ 



c 



c o 



i 



:= O. 
!C0O 



q • CD "o < 
-J 35 D)3 :z 

CO 



o 

CO 



c 



O 
CM 



• CO 

CO Etj 9 
XOIU $ 




CM 



CM 
CM 



CO 
CM 



75 CO c 
E <B 9 ^ 




c 



Mil 

si 




i 



CO 

O <o 
-J ^ 

SO) 

O 




SUBSTITUTE SHEET (RULE 26) 




FIGURE 2 



INTERNATIONAL SEARCH REPORT 



CLASSIFICATION OF SUBJECT MATTER 



International application No. 
PCT/iNZ2003/000284 



Int. a. B27M 1/02, B27M 1/08, B27K 5/00 

According to Inteniational Patent ClassifLcation OPQ or to both national dlassification and IPC 



FIELDS SEARCHED 



Mininnim documentation searched (classification systdn fbllowed by classification symbols) 
Refer Electronic Database consulted below 



Documentation searched o±&r than minimum documentation to the extent that such documents are included in the fields seanSid" 



Electromc data base consulted during the intemaHonal search (name of data base and, where practicable, search temis used) 

Derwent World Patent Index: B27M, B27*K, and keywords COMPRESS+, HEAT+» COAT+ IMPREGNAT+ 
FATTYH-, PARAFFIN+, STEARIC+, PALMrriC+ * ^^^^r^^i , 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of die relevant passages 



US 5902442 A (PHILLIPS et al) 1 1 May 1999 
See liie whole document 



US 4606388 A (FAVOT) 19 August 1986 
See the whole document 



US 3981338 A (JONES) 21 September 1976 
See the whole document 



Relevant to 
claim No. 



1-38 



1-38 



1-38 



Furflier documents are listed in the continuation of Box C X See patent family amicx 



"A". 



Special categories of cited documents: 
document defining the general state of the art 
which is tiot considered to be of particular 
relevance 

earlier explication or patent but published on or **X" 
after die international filing date 

document which may throw doubts on priority "Y" 
claim(s) or which is cited to establish the 
publication date of another citation or other special • 
reason (as specified) 

document referring to an oral disclosure, use, 
exhibition or other means 

<k>cujBect published prior to the international filing 



later document published after the international filing date or priority date 
and not in conflict with the application but cited to understand the principle 
or theory underlymg the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
^en the document is taken alone • 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is combined 
with one or more other such document^ such combination being obvious to 
a person skilled in the art 
document member of tfaje same patent family 



DsiA of the as^ul cooipletion of the international search 
21 Ajpril2004 - 


Date of mailing of the international search report ** « 

. .29 APR 2004 


Name and mailing address of the ISA/AU " " 

AUSTRALIAN PATENT OFFICE 

BOX 200, WODEN ACT 2606, AUSTRALIA 
F-mail 'olirsss ?cfi;^paustralia.gov.au 
Fa(^mrleNo. (02) 6285 3929 


Authorized ofGcer 

C. NGUYEN-KIM 
Telephone No : (02) 6283 2121 



INTERNATIONAJL SEARCH REPORT 



C (Continuation). 



International application No. 
PCT/NZ2003/000284 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to 
claim No. 




Derwent Abstract no. 96-337746/34, Class P63, JP 8155917 A (IBIDEN CO LTD) 
18 June 1996 





See the abstract 



Perwent Abstract no. 76-85821X/46, Class A81 F09 T63, JP 51109978 A (NIPPON. 
NOBOPANKOGY) 29 September 1976 
See the abstract 



1-38 



1-38 



« 


INTERNATIONAL SEARCH REPORT 


IntexDational application No. 




Xofoimation on patent family members 


PCT/NZ2003/000284 



This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the 
above-mraitioned international search report. The Australian Patent Ofl5ce is in no way liable for these particulars 
which are merely given for die purpose of information. 



Patent Document Cited in Patent Family Member' 

Search Report 



US S9Q2442 . AU 54791/94 CA 210176S NZ 250814 

US 4606388 

US 3981338 ■ 

JP ■ 8155917 '. ~~ 

1p 51109978 "~ ~~~ ~~ 



Due to data integration issues this family listing may not include 10 digit Australian a^ilications filed since May 2001 . 
END OF ANNEX 



